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(57) Abstract: 



PURPOSE: A BSTO(Ba0.5Sr0.5TIO3) 
tunable capacitor and a tunable RF device 
attaching thereof are provided to enhance 
the microwave properties using a buffer 
layer of SrRu03 or SrTi03. 
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CONSTITUTION: The tunable capacitor 
comprises a substrated 0). a Ba(X)Sr(1 -X) 
Ti03 ferroelectric thin film(20) formed on 
the substrate, and two electrodes(30) 
formed on the Ba(X)Sr(1-X)Ti03 
ferroelectric thin film. And the tunable 
capacitor also comprises an SrTi03 buffer 
layer formed between the substrate and the 
ferroelectric thin film. The tunable RF 
device comprises an SrRu03 buffer layer 
and an SrTi03 buffer layer formed between 
the substrate and the ferroelectric thin film. 
The substrate is composed of one of 
LaAI203. MgO, or CeO buffered alpha- 
sapphire. The X composition of Ba(X)Sr(1- 
X)Ti03 ferroelectric thin film has a value of 
0.4-0.6. 
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(72) ^^^} 
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^ 7l £-§-91^1 7l el AV14 - 1 

^7l£-g-OlA)7l^*^Aie^AVl4- i»i^l 

(74) cHe|9l o]^^ 



^ ^'^-ar SrRuOa, SrTi0 3^##l- Af^sl-o) oJ-olaS-^flol u. ^^a)^ BSTO(Bao.5 Sfq.s TiOg) ^Ml- ^fl 
sfl ''•1 ^ (The microwave properties enhancement BSTO tunable capacitor using SrRuO 3 , SrTiO 3 buffer layer 

s) ^ ol» 01*^ ^Ml- RF (tunable RF device)*- 7]^^^. ^ ^'^■^l SrRuO 3 . SrTiO 3 ^##* A>^ 

sH °l-c,l3S.^o] ti. s-A^^ ^Aj-A]^ BSTO(Bao.5 Sro.5 TiOa) -^Ml" ^fl sfl a1 fe. ^^21- -^-^^19] BST ^"3^ ^}o] 

SrRuOa^*^* T^aMal, BST^^sl- 7]^ Aj-olojl StTiOa^-g-^* cJ-^J^ ^o] n>ol3s.$llol 
^-^^ (microwave property; loss, tunability)^ ^l"^. 

£ 3 
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£ l-R- i-^S] -rrMl- 711 2)1 (tunable capacitor) ^aj 

S. 4^ S. 2 ^-^ S. 32] JprM-t ^fl sfl a] e] 7}- l-^:^ ^E))^ ^Sj^^ ^.^^M. Rp :il^]-2l 

1. 7]^ 2. BST 7j-B-?isil aj-n^ 
3. 

10. 7]:^ 20. BST ^jr-^^H aj-ev 

30. 40. SrRuO 3Bl3l# 

50. SrTi0 3Hl2l# 100. -S-Ml" ^B^^lE] 

^ ^"^^ SrRuO.3. SrTiOa^**^ ^l-g-SW n>o]3S^ol«. ^a^^ ^-^-^^l?! BST0(B^.5 Sro.j TiOg) ^Ml: ?11 
3(1 A] (The microwave properties enhancement BSTO tunable capacitor using SrRuO 3 , SrTiO 3 buffer layer 
s) ^ o]^ ol^tb -n-Ml- RF (tunable RF device)<H] ^o]^. 

£ 1^ ^2fl2l :^uil- ?ll3flAl El (tunable capacitor)^! ^3] c}.,g£olc}.. ^a]^ n}S\- ^o], 7l€^Sl ^flsflAltl^ 
7m(l)i4 o) 7m(l) ^<^1 -B-^^l#.2.^ BST 7J-B-^^1 ^l-5]-(2)<5l ^A^SlJl. n ^<:>11 ^i^(3)^o] ^2:^ 

7J-B-^^1 RF ^m-(tunable) ib7> 7l]^o1lAi 7}^ ^^]7} 5) 5^0} ^.^ h^oVo| nVo]^ 

.S-fllo] «. (microwave loss)«>lt4. MW ^:21-=t^°11 #(loss mechanism)^ ^^1^.2.^ ^i^^]^] ^Sik 

^n<^] dc u>c>]ol>i ^<a-(bias voltage)* ?]7>s)-o^ o.^^^s. ^sj-Al^il "§-^^^^(^.¥7 ^-^)# 7l-^Al7l 
TT 7l#^ D>c>lHS.^ol «. -frm- 4i:^>S (microwave tunable devices: filter, phase shifter, VCO T^^c^ ^ 

■^o] =1^ -^-S-olcl-. ^, (tuning)* ^]^^^ -^i-il: 7l| Jfl El (tunable capacitor)2| n>ol3S.*llol «. ^-^^ 
o] 7}^^ ^^?V ^^oji^. 

ol ^Ml- ?fl3llAlE^Sl -^^^fl^ ^Vsr^-a -a-^^fl ^^^'■Sl ^^^^ nelJl «>^i- xflS^ (oxygen va 

cancy)ol ^-^(1033)* 7}^^ *J°1AS. Sicf. al^ «> ojcH^ (low dc bias) <H1a1 ^^ (1 

oss)o] 10-3 cfl(order)S ^^7]^ ^^1 ^cj-. 
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BSTO(Bao5 Sros TiOj) ^Ml" -7fl3flAlEl ^ oj* ol^tf- ^i^m. Rp ^i/^]-!. ;Hl^SV^c-|l n -H-^o] 

^^7lsq- s.^^ 'S^^s>7l ^t}c^ ^ ^^r^o]] u3r^ ol^^ n>ol3S?flol H. 7)) a} BSTO(Ba0.5Sr0.5T 

iOa) ^Ml- o] 7)^ ^j-o)) ^^fj:^ Ba.Sr,.^ TiOg ^ch-B-^i^l ^^-e}-; * o] Ba^Sr,.x TiOj ^cJ-R-^i^l 

e}-Q|-^<^ ^ ^al^ -^Ml- -7115(1 A] El o)i 5^01x1, ^71 Ba.Sr,., TiOa^J-B-^^ Bj-nVal- ^7l ^ 

A>oloJl SrRu03Bl3l#;ol ^u]^ s.^ o.^ ^Vct. 

^'^<»fl Siol-*!, 7]:^^ LaAlzOa. MgO. CeO 2 buffered <y:3iI^-A>I^olo^ ^ ^©l^ <Hi^ Sfufs. ol^o^^^jji, ^ 
7] Ba^Sr,.^ TiOa^J-B-^i^fl =L ^^^o] ^7} 0.4-0.621 ol^ol;^]ol. >5j-7l 71^4 -^7] Ba xSr,.x 

SEf>, >a-7l<4 ?}--g- s.^^ ^^^5>7l ^sV<>^ ^ t^-^l t4€^ S£ <»l-g-^ D>olaS.?flol a. s-A^ 7fl'5d BSTO 

(BaO.5SrO.5TiO 3) ^rMl" ^MaIe]^. 7]^: 7)^ aJ-o)] ^a^^ Ba^Sr,.^ TiOa^j-^^Sfl «]-Bl-; ^ o] Ba^Sr^^ 

Ti03 7<}-B-^^1 ^1-^^ ^<^] ^^^^ ^ ^rMl- ^flsflAlEloJl SIOI^I 7l^J4 ^7) BST 7j-a-^A)l HVB}. 

A>olol| tgA^^ SrTi03«l5J|f^;o] ^al^ 

^'^'^l ^J-71 7]^-^ LaAlzOa, MgO, CeO 2 buffered "g-sf - ^V^i^ol ^ ^<HS. <>1i^ sVM-S. ol^<H^l^, 

7l B^Sr,., TiOa^J-B-:^^! ^ S^^^l x7> 0.4-0.62] ?J:^ o1^<H^ ?Sjol ^\^^^\^. 

^712)- ?J-^ s.^^ ^^my\ ^§f<^ ^ ^^^<^1 ^Ml- RF rii^Vfe, 7l^; o| 7]^ Aj-ofl ^a^^ ga ,Sri., 
Ti03 7j-B-^;*11 el-Q^-; ^ o] Ba.Sr,., TiOj^j-R-^sfl «]-bv Aj.oii ^^^^J ^ ^^jo) ^Ml" -7ll 3}1 a] ofl oIo^a^. 

^J-7] Ba^^Sr,.^ TiOa^^-^^sfl yvovji^ Aj.7] = aJ-oJoI) ^a^^ SrRuOsOl^^: ^ ^7\ 7]^i^ ^7\ Ba^Sr,., T 

iOa^tJ-B-^^l ^'■e'- Al-o)o)) ^A^^ SrTiOgalBl^;* ^^7\ 7]^^ LaAlzOs, MgO. CeO 2 buffered <a:S|--Af 

^o]o\ ^ ^o\S. o\}=^ sVM-s o]^o^;:^]ja, 41-71 Ba^Sri.x TiOa^J-B-^^l ^^-i: ZL Sl^^o] x7> 0.4-0.621 ^J:^ ^£ 
^ ol^<H^ ^Ml- 7flSBA]El;7> «iEflS .^ai-^ ^^^S. 

olsV ^2r5>^Ai ^tgo)l o}.^ -^V-g-sl-o^ o>ol3^^oltL s-A^^ ^^^1^ BSTO(Ba0.5Sr0.5TiO 3) 

•^Ml- Til 341^1 El-1- ^^l«l-7ll ^-^^Vcl-. 

-B-^^me^-ofl dc al-o]cH>; ^1 -a- (bias voltage)* ^7l-5l-<^ o.^^^^ ^S^^]^ "S-^^^^i^^r ^^J-)* 7>^Al7l^ 
7]^-& ^}o]3.S.^o]^ ^M-i- 4i=^>l- (microwave tunable devices; filter, phase shifter. VCO ^)2] 7ll^<>il ^^ 
<^1 Elfe- Y&°1^J1, -^^ (tuning)* ^]^^^ -^i-il- 711 SEflAlEl (tunable capacitor) 21 o>ol ^^^fl ol a. SA:| Sjr^Vol 
7>A^ ^^VV ^^<a^ °i-A^ ^'gt!- «!■ SJi^. ttl-Hl-Ai, ^VTgoi] irl-€- °>o1aS?flol ti. S-A^^ ^^VAl^ BSTO(Ba0.5Sr 
O.STiOa) ^uil- 7112)1A1E1^. i 2 ^ £ 3ofl S.a1^ aV<4 ^ol, 7l^^ ©.S. 7l^(lO) ^°11 ^^,^51^ *^^1S. BST 
O 7j-B-^:sfl el-n].(20)* AV-g-Sl-ji ^^(30) O-S Au/Ti# >^>-g-«l-'^. o] 7]^ ^3:21 ^^(30)^ -fi-^^l ^1-5^(20) 
■^Hl £ 2ol| £Al^ Hl-al- ?}-^ SrRu0 3tH2lf^(buffer layer) (40)* ^^^Sl-"^ D>o]HS^flola. S-a^ (microwave pro 
perties)(^ lossSl- tunability) * %l^>^l7lfe ^^^-^.S ^l^ol. S. 3°^ Bl-2l- ^ol, 71^^(10)^ 7^ 

^^(20) '^}oM SrTiO3iHif)#(50)* ^^^^M oVol^^^flolH. =-a;^ (microwave properties) (^ lossSf 
tunability)* ^^-^1?!^ ^* ^cf. 

o]E^^ ^g^- rz^^jq. ^nf. 

7j-R-^^fl eT-5l-(20)oll dc a]-olo^i(bias) ^i<a-* ^'H^'H -fi-^^l-^l- ^^l-^l^l-a ol^ o]^ -g-^ (coupling cap 

acitance)ol ^Sl-sl-Tll ^cf. ^flSflA]^ A-7]. ^sf^ -g-^ai o.^ ■?l-a-)7l- ^Sl-sMl £1<H -^m- ^^(1 

unable filter) (^^ tunable phase shifter)2l cfl«(wave direction)"*] ^«>7ll ^r^. ii}-e}-A-l, Bl-olol^ :goJ-( 

bias voltage) <H1 nl-el- ^r^^ (tuning) «. ^ Si^ ^<*lc]-. 
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^^^0.5., i 4o\] n}9]- rfcy^Ktunable device) 7ljt<^) Si<H^i -^^^1 "i]-^* <H^;Hl -fr^ (tuni 

-^l^i^ c^-i-^ ^o] s.^^ ^Efl^ j^uil: 7fl ill A] El (100)* ^^,^?l-x4. 

aj^fl. £ 2°!! ^'••l^ aval- ^o], ^^(30)^!^ BSTO ^^-?r^H ^^-^^-CZO) Afolofl SrRuO 3 »1 sij # (buffer layer) (4 
0)* I'-e.S'^ ^^(30)^4 BSTO ^J-^^^fl ^>-^i-(20) 21-^ (chemical reaction)^ ^'"al, BSTO ^^"^ 
(20)<^)^i (oxygen) 7> ^^^^ ^o}^-^ ^^.(loss)* -^J-^^l l"?!!^. 

1:?<11, £ S-^l S.Al^ Hl-21- :a-ol, 7^(10)^ BSTO eV5V(20) Afolofl SrTiO 3Hl3il^(50)* BSTO ^'a]-(20) 

^ ^^^A ^^^.h* §31 ^lig^ 7ll3esV7ll a?! 71 ^7) (roughness)* ^l?lc}. t!«il SE.fV ^-^(loss)* 
^'-'3-^1 #olj7 ^^7>^><^(tunability)* ^t^^-^l ?1 t^t. 

Afl^, £ 3<^1 £^1^ ^o], SrRuO 3 2f SrTiOs ^ y'A^ ^^%-(.40. 50)* ^7] ^^flfil- l-^floflA-lsq. :^o] ^^.]c]] ^ 
^^^^S.*<1 (loss) 54 ■W-^7l-^-^^(tunability)* §^^l?lcf. 

^i^tgo] (flip -chip) ^Eflsl ^uil- 711 an Al El (tunable capacitor) "11 STO. SRO ^l^^V 

?i ^711 10-3 cfl(order)Sl ^^(loss)* 9J* ^ Sicf. 

< ^A]Qll> 

£ 40)1 £Al^ al-al- ^ol s. ^ol (pole length)^ ^^^^t <^1 ^^4^<^l^i -^i-il- 7ll sfl a1 e^ (tunable capacitor) 
Si ^^.(loss)3|- tunability* ^^t^i^. ^l* -f-*!! ^^^^^ B-a^^ ^Ivd -7fl s|| » 7>;^lJl ^El(tunable fl 

Iter). -FrMl- ^l^^" a1 = e (tunable phase shifter) -f-^l RF i:^l- 5)1 o) o]-^ (layout) (coupling) ^l^ofl * 
(flip -chip) (100) ^ns. -¥^3hsl-c^ i:7l-» ^cH^cf. 

^c-l, SrRuOs, SrTiO 3 iH Si # (buffer layer)* ^Ulg>£S. :(\]^^ BSTO 7ll Sfl a1 El (tunable capacitor) 

s.^,^* ^47> S. 5011 SAlslol o;iT^.. o]s\^&^j ^^l-S-^El oVeflfil- ?}-^ ^^31- tunability* ^9X^. 

tunability((C(0) -C(50V))/C(0)): 30%~40% 

loss tangent: ^10 order 

°W ^'g* w>2l- ^o], ^ ^igofl it|.s SrRuOs, SrTi03J&*#-ar ^>-§-SM ofol 3.5.^^0 ^l^- ^^;?* ^^'^l?! BSTO( 
Ba0.5Sr0.5TiO 3) ^flaflAlEl^, ^^^4 -B-^^flt! BST "^"^ ^}o]d\] SrRuOa^-i^** T^Hl«>al, BST^^^ 7l 

^ ^>oHl SrTiOa^*** ^ul^^S.'«l. cf*a!l- ^ol nVo]3.s^o) u. S-Aj (microwave property; loss, tunability) 

'a^-l, BSTO ^l-'^l- aVoH] SrRu0 3Hl3l^^(buffer layer)* ^^-S.^] ^^2}- BSTO el-'aJ-^'Hl S|-^ «> 

*(chemical reaction)* ^SL, BSTO «]^e^-o)lAl av^ (oxygen) 71- ^S^^l^ 5J* S]^<*l-f^<>l ^-^.(loss)* ^1-^^1 #?! 

t:H*ol. 7l:^JJl- BSTO Afoloil SFTiOaiilBl** l-^S-H BSTO ^^vo^ ^^^.^ §^ ^]^^ 7ll3?5>7fl sfc^ 

71 «7l (roughness)* 10 cfl (order) S ^^ (loss)* #$} 4^ Sijl 7V*a^ (tunabjuty) 

(57) 
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2. 

7|:^-& LaAlzOa, MgO, CeO 2 buffered ^^l- - a>3i1-o1o1 ^ ^c>l5^ 5l-i4S. oj^cH^ #^.2.3. ^ 
ol-§-^^ ^Ml- 5-11211 A] El. 

^^7] B^Sr,., Ti03^<)-a-^^l a^-B}-^ n x7]- 0.4 -0.6^] oj^o^^ ^^1.2.^ s)-^ 

-7115^1 A] El. 

4. 

^J-71 7l^J!l- AV7I Ba.Sr,.^ Ti03 7<}-B-?1^1 ^l-oH) ^a^^ SrTiOs ^1 ^1 #;o1 d ^ul^ ^^^S sVfe 
<^l-§-^'- -^m- 711^^1 El. 

5. 

71^; o] 7]^ Aj-ofl ^A^^ Ba^Sr,.^ TiOs 7j-H-:ji^ b}-^; ^ <>! Ba^Sr,.^ Tl03 7j-R-^^1 ^ofl ^ ^^ 0] ^v] 

^. ^Ml- ?llBflA]Eloll OJolA-l, 

^7l 71^4 ^7l BST 7j-a-^SlI eJ-Bi- aVoH ^a^^ SrTi0 3Bl=l#:ol ^^-2.5. «>fe ^-S^** 0I-8-?!: # 

Ml- 7113^^1 El. 

^IS^J^-Hl 5iolAi, 

^^•^71 71:^^^ LaAlzOa. MgO, CeO 2 buffered ^3|--A>3I|-o1o1 ^ ;^ol£. ©li:: s>i4^ ol^<H^ -^^'-^.S. Sf^ ^ 

01 -e-^V -W-M * 711 2ll ^1 El . 

^l5*ioll Sioi^i. 

^J-71 Be^^Sr,., TiOa ^J-R-^i^l a^-B^-^ n S^go] x7} 0.4-0.631 a* 5^5.^ ^l^-H^ 
ol-g-tt^M* 7ll2|lAlEi 

8. 
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^11*^ 7)71)3] ^rMl- •7D2))A)E-)7f 1-^^ ^EflS. ^^^S. sffe -^Ml" RF :t^K 



1 




3 

2(8ST) 
1(LA0, MgO) 



2 




30 

40(SrRuO3) 
20(BST) 

10(LAO,MgO etc) 



3EDl 3 



rzzzzzz 



50(SrTiO3> 




30 

40(SrRuO3) 
20(BST) 

10(LA0,MgO etc) 



-6- 



^711^^ *2001 -0077095 



100 




-8- 



